MR IMAGING METHOD, 3D IMAGING METHOD AND MRI SYSTEM 



BACKGROUND OF THE INVENTION 

The present invention relates to an MR (Magnetic Resonance) imaging 
method, a 3D (Three-Dimension) imaging method and an MRI (Magnetic Resonance 
Imaging) system, and more specifically to an MR imaging method, a 3D imaging 
method, and an MRI system, each of which is capable of suppressing the adverse 
effect of residual magnetization caused by an encode order. 

FIG. 1 is a diagram showing one example of a pulse sequence for a 
3D scan, which is executed in an MRI system. 

In the pulse sequence, an echo is sampled while an imaging region 
is being excited by an RF pulse R and a Z-direction pnase axis pulse SL, 
encoding in a YDZ space is being performea by a Y-direction phase axis pulse 
PEy and a Z-direction phase axis pulse PEz, and frequency encoding is being 
carried out in an X direction by a reaa-axis pulse RD. Finally; rewinding 
m a YZ space is carried out oy a Y-cirecticn phase axis pulse RWy ana a 
Z-direction phase axis pulse RWz. This is repeated while encoding in me 
YZ space is being changed in order so as to fill a YZ-K space. Tr indicates 
a repetition time. 

Loci at data points on a K space, which are causea by the order in 
whicn tne encsamg m the YZ space is cnangea, are callec trajectories. 
In general, tne Elliptical Centric View Crcering nas teen actcpted for tne 
trajectories m tne YZ soace at tne 2D scan. The "Elliptical Centric View 
Craermc // is nereinaf ter representee as "ECVO" . 

FIG. 2 is a conceptual aiagram snowing an encode order 'cased on the 

ECVO. 

In the ECVO, encoding is carried out m order of decreasing aiszances 
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from the center Cyz of a YZ-K space. Namely, encode points to which serial 
numbers u l" through "36" are assigned, are encoded in order of their serial 
numbers in the YZ-K space shown in FIG. 2 to thereby perform a 3D scan. 

Incidentally, the ECVO has been described in vx Perf ormance of an 
Elliptical Centric View Order for Signal Enhancement and Motion Artifact 
Suppression in Breath-hold Three-Dimensional Gradient Echo Imaging: Alan 
H. Wilman, Stephen J. Riederer: MRM 38: 7 93-802(1997)". 

In an MRI system, particularly, a permanent-magnet MR I system, the 
polarity of residual magnetization of a magnetic material is inverted due 
to the hysteresis characteristic of the magnetic material each time the 
polarity of a gradient magnetic field is reversed. This appears on an MR 
image as an artifact. Thus, the number of times that the polarity of the 
gradient magnetic field is inverted, may preferably be less reduced. 

However, according to tne encode order employed m the conventional 
example shown in FIG . 2, the number of times tnat the polarity of a gradient 
magnetic field on or about a Y-direction phase axis is inverted, is 35, 
anc the number of times tnat the polarity of a gradient magnetic field or. 
or about a Z-direction phase axis exists even 1^. Therefore, tne nanoer 
of the polarity inversions increases. Accordingly, a problem arises in 
tnat the adverse effect of residual magnetization is considerable. 

SUMMARY OF THE INVENTION 

Therefore, an object of tne present invention is to provide an MR 

imaging met hoc, a 3D imaging met hoc ana an MRI system, eacn of wnicn is 

capable of suppressing the adverse effect of residual magnetization caised 

by an encode order. 

In a first aspect, the present invention provides an MR imaging method 
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of encoding a K space so as to fill the same with orthogonal two directions 
as phase axes, comprising the steps of determining an encode order in 
consideration of distances from the center of the K space to individual 
encode points and existing quadrants, and encoding the K space in the 
determined encode order. 

In the MR imaging method according to the first aspect, the encode 
order is determined in consideration of the distances from tne center of 
the K space and the encode-point existing quadrants without determining 
the encode order according to only the distances from the center thereof. 
The reason why the quadrants are now taken into consideration is that even 
if different encode points in the same quadrant are encoded in succession, 
the polarities of gradient magnetic fields on or about the pnase axes in 
the orthogonal two directions are not inverted. Thus, the number of times 
that the polarity of the gradient magnetic field is invertec, is reduced 
as compared with the encode order cetermined according to the distances 
alone, and hence the aaverse effect of residual magnetization can be 
restrained . 

In a seccna aspect, the present invention provides an MR imaging metnca 

of encoding a K space so as to fill tne same with orthogonal two directions 

as phase axes, comprising the steps of defining Nl (>4) encode points as 

a first seament m order of decreasing distances from the center :i tne 

K space, next defining N2 encode points as a second segment in order cf 

decreasing distances from the center of the YZ-K space, and similarly 

oerformmg segmentization subsequently; assigning serial numoers to the 

encode points of a first quadrant m tne first segment in order of decreasing 

distances from the center of the K space, next assigning serial numbers 

to the encode points of a second quadrant therein in order of decreasing 
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distances from the center of the K space, next assigning serial numbers 

to the encode points of a third quadrant therein in order of decreasing 

distances from the center of the K space, and next assigning serial numbers 

to the encode points of a fourth quadrant therein in order of decreasing 

distances from the center of the K space; and next assigning serial numbers 

to the encode points of a first quadrant in the second segment in order 

of decreasing distances from the center of the K space, next assigning serial 

numbers to the encode points of a second quadrant therein in order of decreasing 

distances from the center of the K space, next assigning serial numbers 

to the encode points of a third quadrant therein in order of decreasing 

distances from the center of the K space, and next assigning serial numbers 

to the encode points of a fourth quadrant therein in order of decreasing 

distances from the center of the K space, and similarly assigning serial 

numbers subsequently; and encoding the K space in order of the cetermmea 

serial r.uncers thereby collect data. 

In tne MR imaging method according to the second aspect, the encode 

points at which the distances from the center cf the K space fail within 

predetermined ranges, are Drought into segment i zat ion . In sucn each segment, 

priority is given to the corresponding quadrant in wnich the encode points 

exist, and an encode order is determined accoraina to the distances m the 

same quadrant. The reason why priori": is given tc me cuacrant, is that 

even if different encode points in the same quadrant are continuously encoded, 

tne polarities of gradient magnetic fields on or about the pnase axes m 

tne ortncgcnai two directions are not inverted. Thus, the numoer cf times 

that the polarity of the gradient magnetic field is inverted, is reduced 

as compared with the encode order determined according to the distances 

alone, and hence the adverse effect of residual magnetization can be 
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suppressed. 

In a third aspect, the present invention provides an MR imaging method 
wherein in the MR imaging method constructed above, the order of the second, 
third, fourth and first quadrants, the order of the third, fourth, first 
and second quadrants, or the order of the fourth, first, second and third 
quadrants is used in place of the order of the first, second, third and 
fourth quadrants. 

In the MR imaging method according to the third aspect, since a circling 
or turning order is taken even if encoding is started from any quadrant, 
the number of rimes that the polarity of a gradient magnetic field is inverted, 
can be reduced and hence the adverse effect of residual magnetization can 
be restrained. 

In a fourth aspect, the present invention provides an MR imaging method 
wherein m the MR imaging method constructed above, tne order of the fourth, 
third, second and first quadrants, the order of tne third, second, first 
and fourtn quadrants, the order of the second, first, fourtn and third 
quadrants, or tr.e order of the first, fourtn, third and second quadrants 
is used in place cf the order of the first , second, tnird and f curtn quadrants . 

In tne MP imaging method according to the fourth aspect, even if a 
turning direction is taken in reverse, tne number of times that tne polarity 

effect of residual magnetization can oe suppressed. 

In a fifth aspect , tne present indention provides an MR imaomg metnoi 
wherein Nl > 12 m tne MR imaging method constructed above. 

In the MR imaging method according to the fifth aspect, since the 

number of encode points set for a first segment and placed in the same quadrant 

is three, the number of times that the polarity of a gradient magnetic fiel., 
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is inverted, can be reduced as compared with the conventional example {in 
which the number of encode points in the same quadrant is one), and hence 
the adverse effect of residual magnetization can be suppressed. 

In a sixth aspect, the present invention provides a 3D imaging method 
for 3D-scanning an imaging region with an X direction as a read axis and 

Y and Z directions as phase axes, comprising the steps of determining an 
encode order in consideration of distances from the center of a YZ-K space 
to individual encode points and existing quadrants, and encoding the YZ-K 
space in the determined encode order to thereby perform a 3D scan. 

In the 3D imaging method according to the sixth aspect, the encode 
order is determined in consideration of the distances from tne center of 
the YZ-K space and the encode-point existing quadrants witnoat determining 
the encode order according to only tne distances from the center thereof. 
The reason why the quadrants are now taKen into consideration is that even 
if different encode points in the sane quadrant are encoded m succession, 
the polarities of gradient magnetic f ielas on or aocut the Y-direction pnase 
axis ana Z-cirection phase axis are not inverted . Thus , tne numoer of times 
tnat the polarity of the gradient magnetic field is inverted, is reduced 
as compared witn the encode order determined according to the distances 
alone, and hence the adverse effect of residual magnetization can be 
suppressed . 

In a seventh aspect, the present invention provides a 3D imaging metnod 
for ID-scanning an imaging region witn an X direction as a read axis and 

Y ano I directions as phase axes, comprising tne steps of defining NI (>4- 
encode points as a first segment in order of decreasing distances from tne 
center of a YZ-K space, next defining N2 encode points as a second segment 
inorderof decreasing distances from the center of tne YZ-K space ana similarly 



performing segmentization subsequently; assigning serial numbers to the 

encode points of a first quadrant in the first segment in order of decreasing 

distances from the center of the YZ-K space, next assigning serial numbers 

to the encode points of a second quadrant therein in order of decreasing 

distances from the center of the YZ-K space, next assigning serial numbers 

to the encode points of a third quadrant therein m order of decreasing 

distances from the center of the YZ-K space, and next assigning serial numbers 

to -he encode points of a fourth quadrant therein in order of decreasing 

aistances from the center of the YZ-K space; and next assigning serial numbers 

to the encode points of a first quadrant in the second segment in order 

of decreasing distances from the center of the YZ-K space, next assigning 

serial numbers to the encode points of a second cuadrant therein in order 

of decreasing distances from the center of the YZ-K space, next assigninq 

serial numbers to the encode points of a third quadrant therein in order 

of decreasing distances from the center of the YZ-K space, and next assianinc 

serial numbers to tne encode points of a fourth cuadrant therein m oraer 

of decreasing distances from the center of tne YZ-K space, and similarly 

assigning serial numbers subsequently, and encoding the YZ-K space in order 

of the assigned serial numbers to thereby perform a 3D scan. 

In the 3D imaging method according to tne seventh aspect, the encode 

points at wnicn the distances from tne center of the YZ-K soace fail within 

predetermined ranges, are brought into segmentization . In sucn each segment, 

priority is given to the corresponding quadrant m wmcn tne encode points 

exist, ano an encode order is determined according to the distances m the 

same cuadrant. The reason why priority is given to the quadrant is mat 

even if different encode points in the same quadrant are continuously encoded, 

the polarities of gradient magnetic fields on or about the Y-direction phase 
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axis and Z-direction phase axis are not inverted. Thus, the number of times 
that the polarity of the gradient magnetic field is inverted, is reduced 
as compared with the encode order determined according to the distances 
alone, and hence the adverse effect of residual magnetization can be 
suppressed . 

In an eighth aspect, the present invention provides a 3D imaging method 
wherein in the imaging method constructed above, the order of the second, 
third, fourth and first quadrants, the order of the third, fourth, first 
and second quadrants, or the order of the fourth, first, second and third 
auadrants is used in place of the order of the first, second, third and 
fourth quadrants . 

In the 3D imaging method according to the eighth aspect, since a circling 
or turning oraer is taken even if encoding is started from any quadrant, 
the number of times that the polarity of a gradient magnetic field is inverted, 
can be rsauced and hence the adverse effect of residual magnetization can 
be restrained. 

In a nintn aspect, the present invention provides a 3D imaging method 
wherein m the 3D imaging method constructed above, tne order of the fourth, 
thira, second ana first quadrants, tne order of the third, second, first 
and fourth quadrants, the order of the second, first, fourth and third 
quacrants, or the oraer of the first, fourth, tr.ira and seccna quadrants 
is used m place of the order of the first , second, tnirc and fourth quadrants . 

In trie 3D imaging method according to the nintn aspect, even if a 

turning airectior. is taken in reverse, the number of times mat the polarity 

of a gradient magnetic filed is inverted, can be reduced and hence the adverse 

effect of residual magnetization can be suppressed. 

In a tenth aspect, the present invention provides a 3D imaging method 
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wherein Nl > 12 in the 3D imaging method constructed above. 

in the 3D imaging method according to the tenth aspect, since the 
number of encode points set for a first segment and placed in the same quadrant 
is three, the number of times that the polarity of a gradient magnetic field 
is inverted, can be reduced as compared with the conventional example (in 
which the number of encode points in the same quadrant is one) , and hence 
tne adverse effect of residual magnetization can be suppressed. 

In an eleventh aspect, the present invention provides an MRI system 
for encoding a K space so as to fill the same with orthogonal two directions 
as phase axes to thereby collect data, comprising encoae order setting means 
for setting an encode order in consideration of distances from the center 
of the K space to individual encode points and existing quadrants, and wherein 
the K space is encoded in the set encode order to thereby collect data. 

In the MRI system according to the eleventh aspect, the MR imaging 
method according to the first aspect can suitably ce executed. 

In a twelftn aspect, the present invention provides an MRI system 

wnereir. m the MRI system ccnstructec as aescribea above, the encode order 

setting means includes segmentizing means for defining Nl ( >4 ) encode points 

as a first segment in order of decreasing distances from the center of the 

K space, next defining N2 encode points as a secona segment m order of 

decreasing distances from the center cf the K space and similarly performing 

segmenti zat ion subsequently, and serial number assigning means for as signing 

serial numoers to the encode points cf a first quadrant m the first segment 

in orcer cf ae creasing distances from the center cf tne K space, next assigning 

serial numbers to the encode points of a second quadrant therein in order 

of decreasing distances from the center of the K space, next assigning serial 

numbers to the encode points of a third quadrant therein m order of decreasing 
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distances from the center of the K space, and next assigning serial numbers 
to the encode points of a fourth quadrant therein in order of decreasing 
distances from the center of the K space; and next assigning serial numbers 
to the encode points of a first quadrant in the second segment in order 
of decreasing distances from the center of the K space, next assigning serial 
numbers to the encode points of a second quadrant therein in order of decreasing 
distances from the center of the K space, next assigning serial numbers 
to the encode points of a third quadrant therein in order of decreasing 
distances from the center of the K space, and next assigning serial numbers 
to the encoce points of a fourth quadrant therein in order of decreasing 
distances from the center of the K space, and similarly assigning serial 
numbers subsequently. 

The MR imaging method according to tne second aspect can suitably 
be executed in the MRI system according to the twelfth aspect. 

In a thirteenth aspect, the present invention provides an MRI system 
for 3D-scannmg an imaging region with an X direction as a reaa axis ana 
Y and Z directions as phase axes, comprising er.ccae order setting means 
for determining an encode order in consideration of distances from the center 
of a YZ-K space to individual encode points and existing quadrants, and 
wnerein the YZ-K space is encoded in the set encode orcter to tnereby perform 
a 3D scan. 

The MR imaging method according to tne sixth aspect can suitably ce 
executed in tne MP I system accordir.c tc the tnitteentn aspect. 

In a fourteenth aspect, the present invention provides an MRI system 

wherein m the MRI system constructed above, tne encode order setting means 

includes segmentizing means for defining Nl f>4) encode points as a first 

segment m order of decreasing distances from the center of the YZ-K space, 
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next defining N2 encode points as a second segment in order of decreasing 
distances from the center of the YZ-K space and simiiariy performing 
segmentization subsequently, and serial number assigning means for assigning 
serial numbers to the encode points of a first quadrant in the first segment 
in order of decreasing distances from the center of the YZ-K space, next 
assigning serial numbers to the encode points of a second quadrant therein 
in order of decreasing distances from the center of the YZ-K space, next 
assigning serial numbers to the encode points of a third quadrant therein 
in order of decreasing distances from the center of the YZ-K space, and 
next assigning serial numbers to the encode points of a fourth quadrant 
therein in order of decreasing distances from the center of the YZ-K space; 
and next assigning serial numbers to the encode points of a first quadrant 
in the second segment in order of decreasing distances from the center of 
the YZ-K space, next assigning serial numbers to the encode points of a 
second quadrant therein in oraer of decreasing distances from the center 
of the YZ-K space, next assigning serial numoers to tne encoae points of 
a third quadrant therein in order of decreasing distances from the center 
of the YZ-K space, and next assigning serial numJoers to the encode points 
of a fourth quadrant therein in order of decreasing distances from the center 
of tne YZ-K space, and similarly assigning serial numbers suDsequentiy . 

The MR imaging method according to the seventh aspect can suitably 
ce executed m the MRI system according to the fourteenth aspect. 

In a fifteenth aspect, the present invention provides an MRI svstem 

wherein m the MRI system constructed above, the serial numcer assigning 

means sets the order of the second, third and fourth and first quadrants, 

the order of the third, fourth, first and second quadrants, or the order 

of the fourth, first, second and third quadrants in place of the order of 
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the first, second, third and fourth quadrants. 

The MR imaging method according to the third aspect and the 3D imaging 
method according to the eighth aspect can suitably be executed in the MRI 
system according to the fifteenth aspect. 

In a sixteenth aspect, the present invention provides an MRI system 
wherein in the MRI system constructed above, the serial number assigning 
means sets the order of the fourth, third and second and first quadrants, 
the order of the third, second, first and fourth quadrants, the order of 
the second, first:, fourth and third quadrants or the order of the first, 
fourth, third and second quadrants in place of the order of the first, second, 
third and fourtn quadrants. 

The MR imaging method according to the fourth aspect and the 3D imaging 
method according to the ninth aspect can suitably be executed in the MRI 
system according to the sixteenth aspect. 

In a seventeenth aspect, the present invention provides an MRI system 
wherein Nl > 12 m the MRI system constructed above. 

The MR imaamg method according to the fifth aspect and the 3D imaging 
raetncd according to the tenth aspect can suitably be executed m the MRI 
system according to the seventeenth aspect. 

According to the MR imaging metnod, 3D imaging rrethcd and MRI system 
of the present invention, tne adverse effect of residual magnetization caused 
bv encoce ordsrma can joe restrained . 

Further 003 ec is and advantages of tne p res en t invention wi 11 oe apparent 
from the following description of the preferred embodiments of tne invention 
as illustrated m the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a diagram illustrating a pulse sequence for a 3D scan by 
way of example. 

FIG. 2 is a conceptual diagram showing an ECVO-based encode order. 

FIG. 3 is a block diagram of an MR I system according to one embodiment 
of the present invention. 

FIG. 4 is a flowchart, showing a 3D imaging process employed in the 
one embodiment of the present invention. 

FIG. 5 is a conceptual diagram showing encode points in a YZ-K space. 

FIG. 6 is a diagram for describing encode points in a first group 
and their serial numbers. 

FIG. 7 is a diagram for describing encode points up to a second group 
and their serial numbers. 

FIG. 8 is a diagram for describing encode points up to a third group 
and their serial numbers. 

DETAILED DESCRIPTION OF THE INVENTION 

Tne present invention will hereinafter be descrioed m further details 
in accordance with illustrated embodiments. 

FIG. 3 is a oIock diagram showing an MR I system according to one 
embodiment of tne present invention. 

In the present MRI system 100, a magnet assembly 1 has a space fborej 

for inserting a sample theremside. A static magnetic field coil Ip for 

applying a prece t e rmmea static magnetic field tc tne sample, a gradient 

or slope magnetic field coil Ig for generating gradient or slope magnetic 

fields (in which a slice gradient axis, a read gradient axis and a phase 

encode gradient axis are formed according to a combination of an X axis, 

a Y axis and a Z axis) for the X axis, Y axis and Z axis, a transmitting 
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coil It for supplying an RF pulse for exciting the spin of a nucleus in 

the sample, and a receiving coil lr for detecting an NMR signal from the 

sample are disposed in the magnet assembly 1 so as to surround the space. 

The static magnetic field coil lp, gradient magnetic field coil lg, 

transmitting coil It and receiving coil lr are respectively connected to 

a static magnetic field source 2, a gradient magnetic field driving circuit 

or driver 3, an RF power amplifier 4 and a pre-amplif ier 5. 

A sequence storage circuit 6 controls or operates the gradient magnetic 

field driving circuit 3, based on a pulse sequence stored therein in accordance 

with instructions given from a computer 7 tc thereby generate a gradient 

magnetic field from the gradient magnetic field coil lg of the magnet assembly 

1. Further, the sequence storage circuit 6 operates a gate modulator 8 

to modulate a carrier output signal produced from an RF oscillator 9 to 

a pulsated signal represented in the form of a predetermined timing and 

predetermined envelope and add it to the RF power amplifier 4 as an RF pulse , 

where it is power-amplif iea . Thereafter, the RF power amplifier 4 applies 

the pulse to tie transmitting coil It cf the magnet assembly 1 from wnich 

a desired imaging region is selected and excited. 

Tne pre-amplif ier 5 amplifies an NMR signal from tne sample, which 

is detected Py the receiving coil lr of the magnet assembly 1, ana inputs 

the amplified NMP signal to a phase detector 10. The pnase detector 10 

receives a carrier output signal produced from the RF oscillator 9 as 

a reference signal, phase-detects the NMR signal supplied from tne 

pre-antiif ier 5 and supplies it to an A/t converter 11. The A/D converter 

11 converts the phase-detected analog signal to digital data and inputs 

it to the computer 7. 

When the computer 7 3D-scans an imaging region with an X direction 
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as a read axis and Y and Z directions as phase axes, it determines an encode 
order m consideration of the distances between the center of a YZ-K space 
and individual encode points and quadrants in which the encode points exist, 
and thereafter executes a 3D-scan. The computer 7 reads digital data from 
the A/D converter 11 and performs an image reconstructing computation on 
the digital data to thereby generate an MR image. Further, the computer 
7 takes charge of the whole control such as the reception of information 
inputted from an operation console 12 . 

A display unit 13 displays the MR image or the like thereon. 

FIG. 4 is a flowchart for describing a 3D imaging or shooting process 
executed by the MR I system 100 at the time that the imaging region is 3D- scanned 
with the X direction as the react axis and the Y and Z directions as the 
phase axes. 

Incidentally, let's assume that the positions cf encode points, the 
number I of segments and the number Ni of encode points constituting individual 
segments are set m advance as shown m FIG . 5. Now consider where I = 
3 and Ni = 12, for example. 

In Step ?1, a segment number counter i is initially set to "1" . 

In Step ?2, Ni encode points are defined as a ith segment m order 
of decreasing distances from the center of the YZ-K space. When i = 1, 
for example, twelve encode points to wnicn serial minders ,% 1 ' ;nrcagr. "-2" 
are assigned m FIG . 6, are defined as a first segment. 

In Steo ?2, serial numders are assigned to encode points _n tne first 

cuaaran; of the itn segment in order of decreasing distances from the center 

of the YZ-K space. When 1 = 1, for example, serial numJoers V> 1" through 

M 3" are assigned to their corresponding encode points as shown m FIG. 6. 

In Step S4, serial numbers are assigned to encode points m the second 
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quadrant of the ith segment in order of decreasing distances from the center 
of the YZ~K space. When i = I, for example, serial numbers "4" through 
"6" are assigned to their corresponding encode points as shown in FIG. 6. 

In Step S5, serial numbers are assigned to encode points in the third 
quadrant of the ith segment in order of decreasing distances from the center 
of the YZ-K space. When i = 1, for example, serial numbers "7" through 
"9" are assigned to their corresponding encode points as shown in FIG. 6. 

In Step S6, serial numbers are assigned to encode points m the fourth 
quadrant of the ith segment in order of decreasing distances from the center 
of the YZ-K space. When i = l f for example, serial numbers "10" through 
"12" are assigned to their corresponding encode points as snown in FIG. 
6. 

In Step P7, a check is made as to whether i = I. If it is found not 
to be i = I, tnen the 3D imaging process proceeds to Step ?S . If it is 
found to be i = Z r tnen it proceeds to Step P9. 

In Step ?S, the segment number counter i is incremented oy I and tne 
3D imaging process :s returned to Step 92 . 

In the above-described returned Steps P2 through ?c, wnen i = 2, twelve 

encode points to which serial numbers "13" through "24" are assigned in 

FIG. 7, are defined as a second segment. The serial numbers vy l3" through 

"15" are assigned tc their corresponding encode points m tne first quadrant , 

tne serial numoers "15" through "1?" ars assignee their z z r responding 

encoae points m the second quadrant, tne serial numoers "19" tnrough "21" 

are assigned to tneir corresponding encode points m tne third quadrant, 

and the serial numbers "22" through "24" are assigned to their corresponding 

encode points m the fourth quadrant. When i = 3, twelve encoae points 

to which serial numbers "2 5" through "36" are assigned in FIG . S , are defined 
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as a third segment. The serial numbers "25" through "27" are assigned to 
their corresponding encode points in the first quadrant, the serial numbers 
"28" through "30" are assigned to their corresponding encode points in the 
second quadrant, the serial numbers "31" through "33" are assigned to their 
corresponding encode points in the third quadrant, and the serial numbers 
"34" through "36" are assigned to their corresponding encode points in the 
fourth quadrant. 

In Step P9, the YZ-K space is encoded in order of the assigned serial 
numbers to carry out a 3D-scan. Thereafter, the 3D imaging process is 
completed . 

According to the above-described MRI system 100, the encode order 
is determined m consideration of the distances from the center Cyz of the 
YZ-K space and the encode-point existing quadrants without determining the 
encode order according to only tne distances from the center Cyz of the 
YZ-K space. Therefore, the number of times that the polarity of a gradient 
magnetic field is inverted, is reducea as compared with the encode order 
determined according to the distances alone . It is hence possible to restrain 
or suppress the adverse effect of residual magnetization. 

In ciace of the order of the first, second, third and fcirth quadrants 

in Steps P3 through F6, trie serial numbers may be assignee in order of the 

second, third, foirtn and first quadrants, tne third, fcurtn, first and 

second quacrar.ts, or tne fourtn, first, second ano tnird quadrants. 

Alternatively, tne serial numbers may oe assigned m order of the fourth, 

tnird, second anc first quadrants, tne third, second, first and fcurtn 

quadrants, the second, first, fourth and third quadrants, or the first, 

fourth, third ana second quadrants. 

Many widely different embodiments of the invention may be configured 
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without departing from the spirit and the scope of the present invention. 
It should be understood that the present invention is not limited to zhe 
specific embodiments described in the specification, except as defined in 
the appended claims . 
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